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Modulation of Tau Fibril Growth in Vitro by Hsp27 vs FKBP51 and their
Mutants
Shannon Elizabeth Hill, Tatiana Miti, Jeffery Jones, Zachary Davey,
Jose F. Abisambra, Chad Dickey, Martin Muschol.
Self-assembly of proteins into neurotoxic aggregates and filaments is an event
shared by multiple geriatric neurodegenerative diseases. Accumulation of the
microtubule associated protein tau, in particular, is associated with a collection
of central nervous system neuropathies, including Alzheimer’s disease. The
role of molecular chaperones in regulating the degradation of disease-
associated proteins has received increasing attention. As shown in our group
[1], age-related changes of the molecular chaperones Hsp27 and FKBP51 are
involved during abnormal tau buildup. Using dynamic light scattering (DLS),
atomic force microscopy (AFM) and molecular spectroscopy [2], we investi-
gated the effects of Hsp27 and FKBP51 on the kinetics of tau fibril growth
at 37 C.
We found that both Hsp27 and FKBP51 significantly alter the rates of tau fibrils
formation, and do so at surprisingly low stochiometric ratios of 50:1 (tau: chap-
erone). However, while Hsp27 inhibited tau fibril growth, FKBP51 augmented it.
A perpetually pseudo-phosphorylatedHsp27mutant (3xS/D)was noticeably less
efficient in suppressing tau fibril growth. In contrast, the enzymatically inactive
FBKP51mutant F130A completely inhibited tau fibril formation for the duration
of our assay (5 days). Either chaperone had to be present at the outset of the in-
cubation period in order tomediate its effect. This indicates that either chaperone
exerts its effects during an early stage of the assembly process. We found no in-
dication for the formation of large, permanent chaperone/tau complexes to ex-
plain the specific modulatory role of either chaperone. We propose, instead,
that the presence of either chaperone causes tau monomers to restructure in dif-
ferent ways, thereby generating the observed modulatory action on fibril growth.
[1] Jinwal et al., J. Neurosci. (2010), 30:591; Asimbra et al., J. Neurosci.
(2010), in press.
[2] Hill et al., Biophys. J. (2009), 96:3781-3790.
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Biophysical Characterization of an Elastin-Like-Polypeptide
Daniel Lyons, Gene L. Bidwell, Wolfgang H. Kramer, Drazen Raucher,
John J. Correia.
Perhaps the largest impediment in cancer therapies has been the inability to ef-
fectively target systemically delivered therapeutics to cancerous cells. A recent
and novel approach to this problem has been to chemically conjugate the ther-
apeutic to an Elastin-Like-Polypeptide (ELP). ELP is a naturally occurring bio-
molecule which undergoes structural transitions and aggregates in response to
temperatures above its transition temperature (Tt). This allows for the specific
targeting of a systemically delivered ELP-drug conjugate to an artificially
heated tumor. Turbidity experiments on a specific ELP construct, ELP1
(ELP[V5G3A2-150]), show a gradual increase in turbidity as early as 28
C
that progressively increases until approximately 37C, above which there is
a cooperative, concentration dependent increase in turbidity corresponding to
aggregation of ELP1. This aggregation is reversible and exhibits hysteresis
in response to lower temperatures. Sedimentation Velocity (SV) and Circular
Dichroism (CD) experiments show that at 20C ELP1 adopts a random coil
configuration with a S20,W of 1.92 and a f/f0 of 2.57 at c=0. As the temperature
is raised to 35C ELP1 shows small amounts of association and sediments with
a S20,W of 2.13 and a f/f0 of 2.32 at c=0. At temperatures greater than the Tt
a Critical Concentration (Cc) is observed; at cR Cc ELP1 structurally transi-
tions to a b-spiral and aggregates, and at c < Cc ELP1 sediments at a mono-
meric S20,W. The Cc is temperature dependent and decreases as the
temperature is raised (38C - 3.55mg/ml, 39C - 2.22mg/ml & 40C -
1.89mg/ml, respectively). This data suggests that at low temperatures ELP1
adopts a random coil conformation and that as the Tt is approached ELP1 as-
sociation and b-spiral conformation become thermodynamically favorable. Fu-
ture work is planned examining how drug conjugation affects the system and
the behavior of ELP1 in plasma using fluorescence equipped AUC.
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Fiber Formation of a Synthetic Peptide Derived from Spider Dragline of
Nephila Clavata
Ko-ichi Kontani, Mitsuhiro Miyazawa, Yuji Hidaka.
Spider dragline is a high performance biopolymer with exceptional mechanical
properties. It is 5 times stronger than stainless wire, and high tensile strength
and elasticity. The dragline is formed in the major ampullate gland of Nephila
clavata and is composed of two major silk proteins, spidroin I and II. Our pre-
vious study suggested that the synthetic peptide derived from Nephila clavata
forms large-sized fibers. However, the mechanism associated with spinning and
the structure of the dragline silk protein remains to be studied in detail.To further investigate the relationship between structure and fiber formation,
the fiber forming regions of spidroin were predicted, based on the hydrophobic-
ity of individual amino acid residues. The candidate peptides were chemically
synthesized by a solid-phase method, purified by reversed-phase HPLC, and the
structures confirmed by MALD-TOF/MS analysis.
The conditions for fiber formation for the candidate peptides were screened in
a series of aqueous and organic solvents. Large-sized fibers were obtained when
an organic solvent was used, under acidic conditions. However, the peptide was
not able to form fibers under basic conditions.
To obtain structural information on fiber formation, Circular Dichroism mea-
surements of the synthetic spider peptides were performed. The results sug-
gested that the formation of a b-sheet structure is required for fiber formation
of the spider peptide.
To characterize the peptide fibers, Dynamic laser light-scattering measure-
ments were carried out under several conditions. The results indicated that
the synthetic peptide formed a homogeneous oligomer at the initial time and
moved to a large-sized oligomer at the later time.
In conclusion, the fiber formation of the synthetic spider peptide occurs in or-
ganic solvents under acidic conditions and the synthetic peptide forms a homo-
geneous large-sized oligomer. The results will be discussed in this paper.
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The Repeat Domain of Pmel17 Orthologs Form Amyloid Fibrils at the
Acidic Melanosomal pH
Ryan P. McGlinchey, Candace M. Pfefferkorn, Reed B. Wickner,
Jennifer C. Lee.
Most amyloids are pathological. Pmel17 is a functional amyloid, promoting
melanin deposition and possibly protecting cells from adverse effects of the re-
active groups that comprise this important pigment. Here, we show that at the
mildly acidic pH (4 - 5.5) typical of melanosomes, organelles where melanin is
synthesized, the repeat domain (RPT) of human Pmel17 can form amyloid in
vitro. Combined with the known presence of RPT in the melanosomal filaments
and the requirement of this domain for fibril formation, we propose that RPT
may constitute the amyloid core in vivo. While most of the amino acid sequence
of Pmel17 is highly conserved across a broad range of vertebrates, the RPT do-
main length and sequence varies. To address RPT aggregation propensities, we
have investigated mouse and zebrafish sequences as well as a smaller truncated
variant of human Pmel17. Although there is no sequence conservation amongst
RPT domains, amyloid formation at acidic pH is preserved.
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Studying the Alpha-Synuclein Membrane Interface with Photons and Neu-
trons
Candace M. Pfefferkorn, Frank Heinrich, Jennifer C. Lee.
Elucidating mechanisms that induce alpha-synuclein (alpha-syn) conforma-
tional change is of utmost importance because the transition of alpha-syn
from unstructured monomer to beta-sheet containing fibrils is associated with
Parkinson’s disease. The role of phospholipids is of particular interest because
membranes are ubiquitous and synthetic vesicles have been shown to modulate
alpha-syn aggregation in vitro. While alpha-syn-membrane interactions have
been the focus of substantial research efforts, additional molecular level char-
acterization is required to understand how membranes can promote amyloid
formation. To address this issue, we have performed neutron reflectometry
measurements as a dual probe of alpha-syn membrane associated conformation
and bilayer structure. Moreover, we have extended our prior single tryptophan
mutant studies (1) to evaluate the participation of the N-terminal region by
comparing W4 fluorescence of the full length protein to that of synthetic pep-
tides (1-4, 1- 6, 1-10, and 1-15) in the presence of small unilamaller vesicles.
We find that at least the first six residues are required for membrane interaction.
Interestingly, W4 spectral properties for the 1-15 peptide are highly reminiscent
of the full length protein and comparable binding affinities were measured.
(1) Pfefferkorn, C. M.; Lee, J. C. J. Phys. Chem. B, 2010, 114, 4615.
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Molecular Basis of the Interaction Between Zinc and the Amyloidogenic
Islet Amyloid Polypeptide
Samer Salamekh, Jeffrey R. Brender, Ravi P.R. Nanga, Sukjoon Hyung,
Kevin Hartman, Brandon T. Ruotolo, Ayyalusamy Ramamoorthy.
Human islet amyloid polypeptide, hIAPP, is an amyloidogenic peptide hor-
mone secreted primarily by pancreatic beta-cells in the islet of Langerhans. Hu-
man IAPP is cosecreted with insulin, and under normal the two proteins work to
maintain glycemice control. The formation of hIAPP amyloid plaques near islet
cells has been linked to the death of insulin-secreting beta-cells in humans and
the progression of type II diabetes. One of the interesting questions surrounding
this peptide is how the toxic and aggregation prone hIAPP peptide can be main-
tained in a safe state at the high concentrations that are found in the secretory
Wednesday, March 9, 2011 541agranule where it is stored. Our studies have shown zinc, which is found at mil-
limolar concentrations in the secretory granule, significantly inhibits hIAPP
amyloid fibrillogenesis at concentrations similar to those found in the extracel-
lular environment. We show here by ITC and PICUP cross-linking that zinc
binds to a complex of several hIAPP peptides at micromolar concentrations
similar to those found in the extracellular environment, and in the process, pro-
motes the formation of small IAPP oligomers. Interestingly, this observed in-
teraction is unique to the hIAPP as membrane disrupting peptides with
similar sequences exhibit minimal interaction with zinc. By contrast, the fibril-
lar amyloid form of hIAPP has only low affinity for zinc. High-resolution NMR
structures of hIAPP bound to zinc reveal changes in along residues that would
be located along one face of the hIAPP alpha-helix proposed as an intermediate
for amyloid formation. These changes occur on the hydrophilic side of the am-
phipathic alpha-helix, away from the proposed interface for amyloid nucleation
on the hydrophobic side. Combined, these results suggest zinc promotes the
formation of off-pathway oligomers while creating a thermodynamic barrier
for the formation of amyloid fibers.
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Lipid Composition and Raft Domain Formation on the IAPP-Membrane
Interaction: The Role of Cholesterol on the Inhibition of IAPP (Amylin)
Fibrilization and the Reduction of Membrane Disruption in Model Lipo-
somes and Mouse Pancreatic Islets
Austin J. McHenry, Jeffrey R. Brender, Kevin Hartman,
Ayyalusamy Ramamoorthy.
The misfolding and aggregation of islet amyloid polypeptide (IAPP) is known
to exhibit an important role in the etiology of type-two diabetes mellitus. While
it has been believed that the peptide becomes toxic in its large fibrous form, re-
cent studies suggest that pre-fibril oligomers are in fact the predominantly toxic
species. Permiabilization of IAPP on membranes is thus biphasic in nature. The
latter phase is correlated with fiber formation and reaches maximal leakage.
The degree of leakage, and hence membrane disruption, of the initial phase
is dependent on the peptide to lipid ratio and percent anionic lipid in the mem-
brane. Studies of IAPP toxicity have focused on POPC/POPS(G) vesicle sys-
tems. The homogeneity and anionic nature of the membranes have been
shown to increase aggregation and toxicity. However, cellular membranes
are vastly more complex. In this study, we investigate the in vitro interaction
between IAPP and non-homogenous, cholesterol-containing model mem-
branes; extend previous observations of the role of anionic phospholipids in
membrane-catalyzed IAPP fibrilogenesis; and show that the presence of choles-
terol dramatically inhibits IAPP fribrilogenesis and decreases membrane dis-
ruption in large unilamellar vesicles. Additionally, we demonstrate that
human IAPP strongly permiablilizes raft type membranes. Fluorescence mi-
croscopy of islet cells shows increased IAPP toxicity after the removal of cho-
lesterol from the membrane. These findings demonstrate that the mode of IAPP
membrane binding and permiablization is highly dependent on the fluidity and
phase of the membrane. The differences in this behavior may have significant
implications in the development of type-two diabetes, as the change in mem-
brane composition is dependent on a number of factors also related to the
disease.
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Nucleation of Hybrid Polymers in Sickle Cell Disease
Donna Yosmanovich, Alexey Aprelev, Maria Rotter, Frank Ferrone.
Upon deoxygenation, sickle hemoglobin (HbS) can polymerize into complex,
14 stranded polymers via a double nucleation process. While sickle cell hemo-
globin nucleation has been well described, the description has focused on nu-
cleation of a single species, deoxyHbS, with perhaps the presence of
a crowding non-polymerizing species. However, there are three important cases
of polymerization where hybrid polymers are created, and thus the nucleation
process in such situations needs to be characterized and tested. First in vivo,
polymerization always occurs in the presence of ligands. Second, polymeriza-
tion is also possible in the presence of normal hemoglobin (HbA, eg. in sickle
trait). Finally, antisickling drugs may not bind to all molecules and thus create
a heterogeneous population with the opportunity for hybrid polymerization.
Thus we have studied polymerization in the presence of HbA, as well as under
cases of partial ligation (with CO, NO and O2). Homogeneous nucleation rates
have been measured by laser photolysis of the CO-derivative and analysis of
the stochastic fluctuations of onset-times. Heterogeneous nucleation is deter-
mined by following the exponential growth of light scattering. Existing models
for nucleation have been successfully modified to account for the copolymeri-
zation probability of hybrid species, and revised models will also be presented.
Incorporation of ligands is particularly challenging since it appears necessary to
account for tertiary as well as quaternary effects, and these appear to differ de-
pending on the ligands.2943-Pos Board B48
Single Sickle Cell Occlusion and Manipulation in Microchannels
Alexey Aprelev, William Stephenson, Hongseok (Moses) Noh,
Maureen Meier, Frank A. Ferrone.
Sickle cell disease arises because a point mutation permits the hemoglobin in
erythrocytes to form stiff polymers and obstruct the microcirculation. We
have developed a microfluidic system to model vaso-occlusion in the smallest
vessels to fill a critical gap in understanding the pathophysiology of sickle cell
disease. Microfluidic methods heretofore have only studied far larger vessels,
and could not observe events of speed comparable to physiologic transit times.
We use microchannels of approximately rectangular cross section (3 mm x
1.5 mm). Because the cells fill the channel top-to-bottom, absorbance can deter-
mine intracellular concentration. Cells can be flowed, viewed statically, or
stopped and restarted. By laser photolysis of COHbS, any desaturation of the
cells can be created in milliseconds. Chan-
nels are constructed of PDMS, and cells
are driven by hydrostatic pressure which
can be controlled to stop the cell within
the channel. The cell can then be photo-
lyzed, and studied rheologically. Polymer-
ized cells stick in the channels, but can be
pushed through, with pressure that rises
with the mass of the polymers formed.
Cells sickled at the entry into such chan-
nels (see Figure) are found to maintain oc-
clusion against much higher pressures.2944-Pos Board B49
Elastic Light Scattering Measurements of Hemoglobin Oligomers
Yihua Wang, Alexey Aprelev, Frank A. Ferrone.
Protein solutions scatter light dominantly by the density fluctuations of the sol-
ute. However, the formation of small oligomers can create light scattering that
will exceed this background. We are using such light scattering to probe the ini-
tial stages of sickle hemoglobin assembly. We employ a novel micro-method
for measuring light scattering in which a small rectangular cell (0.2 x 4.0 x
30 mm) is filled with 24 mL of Hb solution. An optical fiber is sealed into
the cell in contact with the solution, and scattering from a 785 nm, 1.5 mW laser
diode is measured at 90. Light is colllected by a microscope objective, de-
tected via PMT. Temperature is controlled by a thermoelectric stage. We
have measured scattering from deoxygenated sickle hemoglobin, which forms
polymers above a readily accessible solubility (and have measured scattering
below and above solubility). We have also measured light scattering from
COHbS, COHbA, and deoxyHbA which do not form such polymers and differ
from deoxyHbS by either a single amino acid (HbA) or by quaternary differ-
ences (COHbS). Fluctuation scattering is used to calibrate the relevant scatter-
ing volume, allowing for more precise calculation of the concentrations of
oligomeric scatterers. As temperature is increased, we observe a relatively con-
stant intensity, which then increases beyond some particular temperature. We
interpret this as the appearance of oligomers of sufficient numbers to exceed
the density fluctuation background. Whereas deoxyHbS creates more oli-
giomers at the same concentration and temperature as other derivatives, all de-
rivatives can create equally large oligomeric concentrations with varied
temperature and monomer concentration. Thus oligomer concentration is not
diagnostic for polymerization. Analysis of this data will address two important
questions: is there evidence for off-pathway aggregation in sickle hemoglobin,
and must aggregates have the same structure as the polymers?
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Comparing the Folding and Misfolding Energy Landscapes of Phospho-
glycerate Kinase
Gergely Ago´cs, Bence T. Szabo´, Gottfried Ko¨hler, Szabolcs Osva´th.
Understanding the sequence specific partitioning of polypeptides between pro-
tein folding and amyloid formation is of outstanding physiological and patho-
logical importance. Using yeast phosphoglycerate kinase as model, here we
identify the features of the energy landscape that decide the fate of the protein:
folding or amyloidogenesis. Structure formation was initiated from the acid-
unfolded state by stopped-flow or manual mixing, and monitored by tryptophan
and thioflavin T fluorescence from 1 ms to 10 days. Solvent conditions were
gradually shifted between folding and amyloidogenesis and the properties of
the energy landscape governing structure formation were reconstructed. A con-
tinuous transition of the energy landscape between folding and amyloid forma-
tion was observed. In the early steps of both folding and misfolding, the protein
searches through a hierarchically structured energy landscape to form a molten
globule on the seconds timescale. From this intermediate structure, folding to
the native structure happens in a cross-barrier step in a few minutes, while
